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We present preliminary results from a global study of the extended scalar singlet model with
a fermionic dark matter (DM) candidate. In addition to requiring a successful electroweak
baryogenesis, we combine constraints from the DM relic density, direct detection limits from
PandaX-II experiment, electroweak precision observables and Higgs searches at colliders.
In agreement with previous studies, we find that the model can simultaneously explain
(at least a part of) the observed DM abundance and matter-antimatter asymmetry. The
viable points often lead to strong gravitational wave (GW) signals that can potentially be
probed at future GW experiments.
1 Singlet fermion dark matter model
We extend the Standard Model (SM) by adding a new real scalar singlet S and a Dirac fermion
dark matter (DM) field ψ. The model Lagrangian is given by [1]
L = LSM +LS +Lψ +Lportal, (1)
where LSM is the SM Lagrangian,
LS =
1
2
(∂µS)(∂
µS) +
1
2
µ2SS
2 +
1
3
µ3S
3 − 1
4
λSS
4, (2)
Lψ = ψ(i/∂ − µψ)ψ − gSψψS, (3)
Lportal = −µΦSΦ†ΦS − 1
2
λΦSΦ
†ΦS2. (4)
A linear term of the form µ31S is removed by a constant shift S → S + σ. When µ3 = gS =
µΦS = 0, the model reduces to the scalar Higgs portal [2, 3].
After electroweak symmetry breaking (EWSB), both Φ and S acquire the following VEVs
in the unitary gauge
Φ =
1√
2
(
0
v0 + ϕ
)
, S = s0 + s. (5)
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Constraints (Experiment) Criteria Likelihood Ref.
Relic density (Planck) Ωψh
2 ≤ ΩDMh2 = 0.1188 one-sided Gaussian [7]
Direct detection (PandaX-II) σeffSI ≤ σPandaX-II one-sided Gaussian [8]
Electroweak baryogenesis vc/Tc ≥ 0.6 one-sided Gaussian –
Electroweak precision observables
∆S = 0.04± 0.11
∆T = 0.09± 0.14
∆U = −0.02± 0.11
3D Gaussian [9]
Direct Higgs searches – Step function [10]
Higgs signal strengths – 1D Gaussian [11]
Table 1: Summary of constraints included in our global fit. Here vc is the Higgs VEV at the
critical temperature Tc.
Consequently, the fermion DM picks up a mass term, i.e., mψ = µψ + gSs0.
The portal interaction Lagrangian in Eq. (4) induces a mixing between ϕ and s fields. To
diagonalise the squared mass matrixM2, we introduce the physical mass eigenstates (h,H) as(
h
H
)
=
(
cosα − sinα
sinα cosα
)(
ϕ
s
)
, (6)
where α is the mixing angle. Thus, for small mixing, h is a SM-like Higgs boson, whereas H is
dominated by the scalar singlet.
2 Constraints
In light of the recent discovery of a SM-like Higgs boson [4, 5], we set
mh = 125.13 GeV, v0 = 246.22 GeV. (7)
Thus, our model is completely described by the following 7 free parameters
mH , s0, µ3, λS , α, mψ, gS . (8)
To make parameter inferences, we adopt a frequentist approach and perform 7-dimensional
(7D) scans of the model using the Diver v1.4.0 [6] package. The set of constraints included
in our global fit are summarised in Table 1.
3 Preliminary results
In Fig. 1, we show 2D profile likelihood plots from our global fit in the (mH , s0) and (mH , α)
planes. Values of mH . mh/2 = 62.56 GeV are ruled out by the observed Higgs signal strengths.
This is true regardless of the values of α as the h→ HH decay mode is dominant in this region,
and leads to a reduction of the SM-like Higgs signal strength. When mH ' mh, the model can
evade all constraints as the contribution from both scalars cancels out. Thus, all values of α are
allowed. On the other hand, values of mH & 4 TeV are ruled out as they either lead to runaway
directions, λΦS ≤ −2
√
λΦλS , or non-perturbative couplings, |λΦS |, |λΦ| ≥ 4pi.
2 Patras 2018
★Diver v1.0.4 & pippi v2.0
−500
0
500
1000
s 0
(G
eV
)
P
rofi
le
likelih
o
o
d
ra
tio
Λ
=
L
/L
m
a
x
1.0 1.5 2.0 2.5 3.0 3.5 4.0
log10 (mH/GeV)
0.2
0.4
0.6
0.8
1.0
★
Diver v1.0.4 & pippi v2.0
0.5
1.0
1.5
α
(r
a
d
ia
n
s)
P
rofi
le
likelih
o
o
d
ra
tio
Λ
=
L
/L
m
a
x
1.0 1.5 2.0 2.5 3.0 3.5 4.0
log10 (mH/GeV)
0.2
0.4
0.6
0.8
1.0
Figure 1: 2D profile likelihood plots from a 7D scan of the model in the (mH , s0) and (mH , α)
planes. The best-fit point is marked by the red star.
For the viable points that satisfy all constraints, we compute their gravitational wave (GW)
spectra using the expressions given in Ref. [12]. The dependence of the GW spectra on v∗/T∗ is
shown in Fig. 2. For comparison, we also show the detection prospects of future GW experiments
such as LISA, DECIGO and BBO. As is evident from the plot, large values of v∗/T∗ lead to a
stronger phase transition and a stronger GW signal. In particular, they lead to better prospects
for detection at future GW experiments.
4 Conclusions
We have presented preliminary results from a global fit of the extended scalar singlet model with
a fermionic DM candidate. Using the constraints from the Planck measured DM relic density,
direct detection limits from the PandaX-II experiment, electroweak baryogenesis, electroweak
precision observables and Higgs searches at colliders, we performed a global fit of the model. In
agreement with previous studies, we found that the model can explain (at least a part of) the
observed DM abundance and matter-antimatter asymmetry. In addition, the gravitational wave
(GW) spectra of viable points are often found to be within reach of future GW experiments.
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Figure 2: Gravitational wave (GW) spectra of viable points along with the projected sensitivities
of future GW experiments such as LISA, DECIGO and BBO. Here v∗ is the Higgs VEV at the
transition temperature T∗.
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